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Abstract Imaging protocols for suspected scaphoid

fractures among investigators and hospitals are markedly

inconsistent. We performed a systematic review and meta-

analysis to assess and compare the diagnostic performance

of bone scintigraphy, MRI, and CT for diagnosing sus-

pected scaphoid fractures. Twenty-six studies were

included. Sensitivity, specificity, and diagnostic odds ratio

were pooled separately and summary receiver operating

characteristic curves were fitted for each modality. Meta-

regression analyses were performed to compare these

modalities. We obtained likelihood ratios derived from the

pooled sensitivity and specificity and, using Bayes’ theo-

rem, calculated the posttest probability by application of

the tests. The pooled sensitivity, specificity, natural loga-

rithm of the diagnostic odds ratio, and the positive and

negative likelihood ratios were, respectively, 97%, 89%,

4.78, 8.82, and 0.03 for bone scintigraphy; 96%, 99%, 6.60,

96, and 0.04 for MRI; and 93%, 99%, 6.11, 93, and 0.07 for

CT. Bone scintigraphy and MRI have equally high sensi-

tivity and high diagnostic value for excluding scaphoid

fracture; however, MRI is more specific and better for

confirming scaphoid fracture. We believe additional studies

are needed to assess diagnostic performance of CT, espe-

cially paired design studies or randomized controlled trials

to compare CT with MRI or bone scintigraphy.

Level of Evidence: Level III, diagnostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Scaphoid fractures are the most common type of carpal

fractures and occur frequently in young men [40]. Because

their potential complications, including nonunion, avascu-

lar necrosis, and osteoarthritis, are made more likely by a

delay in diagnosis and treatment, early diagnosis and

treatment for these fractures are critical to improving out-

comes [3]. The diagnosis of a scaphoid fracture usually can

be established on the basis of clinical examination and

radiographs, which typically include four views: postero-

anterior, lateral, semipronated oblique, and posteroanterior

with ulnar deviation [3]. However, in the acute phase after

injury, some fractures are radiographically occult. To avoid

undertreatment of these occult fractures, patients with

suspected scaphoid fractures (high clinical probability of a

scaphoid fracture but negative or equivocal radiographs)

usually are treated with cast immobilization followed by

repeat clinical examination and radiographs [46]. As the

prevalence of true fractures among patients with suspected

scaphoid fractures might be only 5% to 10% [1], the

majority of these patients are overtreated, which results in

lost work days and productivity and increased healthcare

costs [11].

To avoid undertreatment and overtreatment, accurate

and early diagnosis is required to confirm and exclude

scaphoid fracture as the diagnosis. Investigators have rec-

ommended various imaging modalities to achieve earlier

definitive diagnosis for suspected scaphoid fractures,

including bone scintigraphy [13, 49], MRI [18, 42], CT
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[41], and high-frequency sonography [20]. An international

survey of hospital practices revealed marked inconsistency

in acute scaphoid fracture imaging protocols, which the

authors believed were likely to be multifactorial but also

probably reflected a deficiency in scientific evidence

regarding the best practice for imaging scaphoid fractures

[24]. Clinical decisions regarding the use and interpretation

of a diagnostic test require assessment of diagnostic per-

formance. Ideally, the assessment is based on the aggregate

of pertinent knowledge available rather than on single

studies alone or on personal experience [16].

The purposes of this meta-analysis were to (1) obtain

and compare summary estimates of sensitivity, specificity,

and diagnostic odds ratio of bone scintigraphy, MRI, and

CT for diagnosing suspected scaphoid fractures; (2) use

summary receiver operating characteristic (SROC) curves

to estimate and compare the overall diagnostic perfor-

mance of the three modalities; and (3) obtain the likelihood

ratios derived from pooled sensitivity and specificity and,

using Bayes’ theorem, calculate the posttest probability of

scaphoid fractures by application of these imaging

modalities.

Materials and Methods

We searched PubMed (January 1966 to October 2008) with

the following search strategy: (scaphoid bone[MeSH] OR

carpal bone[MeSH] AND fracture[MeSH]) AND (predic-

tive value[WORD] OR test[WORD] OR accuracy[WORD]

OR sensitiv*[WORD] OR specificity[WORD] OR sensi-

tivity and specificity[MeSH] OR diagnos*[Title/Abstract]

OR diagnosis[MeSH] OR diagnosis[SH] OR false nega-

tive[WORD] OR false positive[WORD] OR detection

[WORD]); we searched EMBASE (OVID, January 1980 to

October 2008) with the keyword scaphoid fracture; and we

hand-searched the references of relevant studies without

date limitation. There was no language restriction on the

search. To be included, the study had to meet the following

criteria. (1) The study was a clinical investigation that

assessed the diagnostic performance of bone scintigraphy,

MRI, CT, or ultrasound for suspected scaphoid fractures.

(2) The study used followup images (radiographs, CT,

MRI, or bone scintigraphy) or clinical followup and/or

combined images as the reference test. (3) The study

provided sufficient information to reconstruct a 2 9 2

contingency table of the performance of the index test. (4)

The study was published as a full report in English. We

tried to determine if different studies from the same insti-

tution used the same patients because one author published

several reports. When data were presented in more than

one article, the article with the most details or the most

recent article was chosen. Two reviewers (ZGY, JBZ)

independently selected the studies, and disagreements were

discussed to reach a consensus.

The computer search yielded 2440 citations: 1637 from

PubMed and 803 from EMBASE, of which 26 studies

ultimately were included in this review [2, 4, 6, 7, 9, 10, 14,

19, 21, 23, 25, 27, 30, 32, 34, 37, 39, 43, 44, 47, 48, 50–52,

54, 55] (Fig. 1).

Two reviewers (ZGY, JBZ) independently extracted the

following data from each study: year of publication, patient

demographics, sample size, imaging technique, reference

test, 2 9 2 table of the index test, and prevalence of

scaphoid fracture; and used QUADAS criteria, which

consisted of 14 questions answered ‘‘yes,’’ ‘‘no,’’ or

‘‘unclear,’’ to assess the methodologic quality of the studies

(Table 1) [53]. The item ‘‘was the period between refer-

ence standard and index test short enough’’ was omitted

because image and clinical followup were considered the

reference standards. Disagreements were resolved by

discussion.

Two imaging modalities were reported in seven studies,

so 15 studies with 1102 participants reported on the diag-

nostic accuracy of bone scintigraphy, 10 studies with 513

participants reported on MRI, six studies with 211 partic-

ipants reported on CT, and two studies with 72 participants

reported on ultrasound (Tables 2, 3). The results for

60 studies potentially 

eligible on the basis of 

titles and abstracts 

3 not in English 

1 not available in full text 

1 case-control study 

3 diagnostic accuracy not assessed 

13 invalid or no reference standard used 

3 2 × 2 tables could not be generated 

5 review articles 

5 potential overlap of the patients 

2440 citations identified 

and screened 

56 full-text articles 

retrieved for detailed 

evaluation

0 additional eligible 

studies provided by hand 

search of the references of 

these articles 

26 papers included 

Fig. 1 A flowchart shows the results of the literature search and

selection for this systematic review. The computer search yielded

2440 citations; 26 studies ultimately were included.
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ultrasound were not pooled because too few studies and

patients were included (Table 4).

Most studies had some methodologic limitations

(Table 5). Only two studies satisfied all criteria. Eighteen

studies met at least 70% (nine items) of the criteria, and

five studies met fewer than 50% (seven items) of the cri-

teria. Greater than 70% of studies met the following items:

adequate patient spectrum, avoidance of partial verifica-

tion, independent reference test, adequate description of

index test, blind assessment of index test, clinical data

available, reporting of uninterruptible/intermediate test

results, and explanation of withdrawals from the study;

54% (14 of 26) of studies met the item for valid reference

test; and only 35% (nine of 26) and 27% (seven of 26) of

studies met the items for describing details of the reference

test and blind assessment of the reference test, respectively.

We calculated pooled estimates of sensitivity, specific-

ity, and the natural logarithm of the diagnostic odds ratio

(ln DOR) using the random-effects model. To pool the

sensitivity and specificity, the variances of the raw pro-

portions (r/n) were stabilized using a Freeman-Tukey-type

arcsine square root transformation [35, 38]. To prevent

division by 0 when pooling the ln DOR, conventional

correction was applied by adding 0.5 to each cell when the

2 9 2 table for a study contained one or more 0 values.

The diagnostic performance of each test also was assessed

using SROC curves, which allow for a trend in DOR with

threshold [36]. These curves can be defined by a regression

model: D = a + bS, where D is ln DOR and S, a measure

of the diagnostic threshold, is equivalent to the sum of

logits of the true-positive rate and the false-positive rate. A

limitation of this method is that it also requires adding 0.5

to each cell in the 2 9 2 table containing one or more 0

values. A b that is not different from 0 indicates the

absence of a threshold effect. The SROC curve can be

displayed graphically by plotting the predicted sensitivity

across a range of values of 1 � specificity. Models were

unweighted to provide parameter estimates similar to the

random-effects model [28, 36]. We used the area under the

curve and the Q* index, the intersection point of the SROC

curve with a diagonal line from the left upper corner to the

right lower corner of the ROC space, which corresponds to

the highest common value of sensitivity and specificity for

the test, as the global measures of test efficacy. A perfect

Table 1. QUADAS criteria

Methodologic criteria Information required for ‘‘yes’’

1. Was the spectrum of patients representative of the patients who

will receive the test in practice?

Patients with suspected scaphoid fracture were consecutively and/or

prospectively recruited

2. Were selection criteria clearly described? Clear definition of suspected scaphoid fracture was provided

3. Is the reference standard likely to classify the target condition

correctly?

Followup image, or plus clinical examination and/or combined image,

was used as reference standard, and the limit of followup was at least

6 weeks; the imaging modalities could be plain radiographs, CT, MRI,

or bone scintigraphy

4. Did the whole sample or a random selection of the sample receive

verification using a reference standard of diagnosis?

All patients received a reference standard

5. Did patients receive the same reference standard regardless of the

index test result?

All patients received same reference standard

6. Was the reference standard independent of the index test? Index test results did not form part of reference standard

7. Was the execution of the index test described in sufficient detail to

permit replication of the test?

Clear description of test techniques and definitions of positive and

negative test results were mentioned

8. Was the execution of the reference standard described in sufficient

detail to permit its replication?

9. Were the index test results interpreted without knowledge of the

results of the reference standard?

Index test was interpreted without knowledge of reference standard results

and vice versa, or test was clearly interpreted before results of other test

were available10. Were the reference standard results interpreted without

knowledge of the results of the index test?

11. Were the same clinical data available when test results were

interpreted as would be available when the test is used in practice?

Data on patient age, gender, and presenting symptoms and physical signs

were available

12. Were uninterruptible/intermediate test results reported? Results were available for all patients who entered the study

13. Were withdrawals from the study explained? Reasons why results were not available for all patients who entered the

trial were reported or results were available for all patients

The QUADAS criteria were taken from Table 2 in: Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of QUADAS:

a tool for the quality assessment of studies of diagnostic accuracy included in systematic reviews. BMC Med Res Methodol. 2003;3:25. Available

at: http://www.biomedcentral.com/1471-2288/3/25.
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test has an area under the curve of 1.0 and a Q* of 1.0, and

a test with no diagnostic value has an area under the curve

of 0.5 and a Q* of 0.5.

A dummy variable indicating the type of imaging

modality was included as a covariate in the meta-regres-

sion model and the SROC model to compare the

sensitivity, specificity, and overall diagnostic accuracy of

bone scintigraphy, MRI, and CT with each other. A p value

less than 0.05 of the regression coefficient of this variable

was considered to indicate a significant difference. In the

SROC model, the antilogarithm transformation of the

estimated parameter can be interpreted as a relative DOR

of the covariate. It indicates the change in diagnostic

performance of the test under study per unit increase in the

covariate.

We calculated derived likelihood ratios from the pooled

sensitivities and specificities [56] and then used Bayes’

theorem to calculate the probability of scaphoid fracture,

conditioned by the likelihood ratios as a function of the

pretest probability [15].

We assessed heterogeneity separately for sensitivity,

specificity, and DOR using Cochran’s Q test. Heterogeneity

was defined as p \ 0.1. The I2 statistic was used to measure

the percentage of variability among summary indices

Table 2. Details of included studies

Study Year Imaging Male/

female

Mean age

(years)

Incidence of

scaphoid fracture

Reference test

Rolfe et al. [43] 1981 BS NR 23 9% Followup radiographs

Nielsen et al. [39] 1983 BS 61/39* 33 11% 2 months’ followup radiographs and

clinical examination

Stordahl et al. [47] 1984 BS 18/12� 31 32% 6 weeks’ followup radiographs

Wilson et al. [54] 1986 BS NR NR 5% Day 10 radiographs

Brismar [10] 1988 BS 117/70 NR 11% Repeat radiographs

Tiel-van Buul et al. [50] 1993 BS NR NR 17% 6 weeks’ followup radiographs

Waizenegger et al. [52] 1994 BS NR NR 8% Followup of 6–12 months

Murphy et al. [37] 1995 BS 55/44* 36 13% Day 14 radiographs or bone scan

Thorpe et al. [48] 1996 BS MRI 20/38* 22 7% 6 weeks’ followup radiographs and

clinical examination

Breitenseher et al. [7] 1997 MRI 23/19 30.5 33% 6 weeks’ followup radiographs

Hunter et al. [27] 1997 MRI 28/8 26 33% 2 weeks’ followup radiographs and clinical

examination

Fowler et al. [19] 1998 BS MRI 21/22 32 14% Combined images or followup of at least 1 year

Kitsis et al. [30] 1998 BS MRI 9/13 34 14% 8 weeks’ followup radiographs and clinical

examination

Bretlau et al. [9] 1999 MRI 27/25� 44 16% 8–14 weeks’ followup radiographs

Gäbler et al. [21] 2001 MRI 77/44 30 23% Followup of 6 weeks

Hauger et al. [25] 2002 US 35/19 26 9% 10–14 days’ images and clinical signs

Akdemir et al. [2] 2004 BS 18/14 31 25% Followup of 2 and 12 months with

clinical signs and radiographs

Breederveld and

Tuinebreijer [6]

2004 BS CT NR NR 31% Followup of 6 weeks or 14 months

Senall et al. [44] 2004 US NR 35 50% C 8 weeks’ followup radiographs

Groves et al. [23] 2005 BS CT 17/34 40.2 12% 6 weeks’ followup radiographs and MRI

Kumar et al. [32] 2005 MRI 17/5 27 27% Day 10 radiographs or MRI

Memarsadeghi et al. [34] 2006 MRI CT 17/12 34 38% 6 weeks’ followup radiographs

Cruickshank et al. [14] 2007 CT 26/21 NR 15% Day 10–14 radiographs or MRI

You et al. [55] 2007 CT NR NR 20% Clinical and image followup

Beeres et al. [4] 2008 BS MRI 50/50 42 20% Combined images or clinical and radiographic

examinations

Ty et al. [51] 2008 CT 12/8 40 20% C 6 weeks’ followup radiographs

* One patient had bilateral injuries; �two patients were excluded because scaphoid fractures were already evident on review of the initial

radiographs; �five of the 52 patients were excluded owing to technical problems with the MRI; two of the 47 enrolled patients had lost followup

radiographs; NR = not reported; BS = bone scintigraphy; US = ultrasound.
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Table 3. Details of included studies

Study Imaging technique Period between

test and injury

TP FP FN TN

Bone scintigraphy

Rolfe et al. [43] 99mTc-MDP 2–60 days 9 17 0 73

Nielsen et al. [39] 10–15 mCi 99mTc-MDP 10 days 11 43 0 47

Stordahl et al. [47] 10–15 mCi 99mTc-DP 2 weeks 9 0 0 19

Wilson et al. [54] 500 MBq 99mTc-MDP Within 10 days 2 6 0 34

Brismar [10] NR 2–3 weeks 21 9 0 157

Tiel-van Buul et al. [50] 200 MBq 99mTc-MDP 3–34 days 21 14 0 90

Waizenegger et al. [52] 600 MBq 99mTc-MDP Within 14 days 7 12 0 65

Murphy et al. [37] Three-phase 99mTc-MDP 4 days 13 7 0 80

Thorpe et al. [48] 350–750 MBq 99mTc-MDP 3–4 weeks 4 3 0 52

Fowler et al. [19] 99mTc-MDP 10–35 days 5 2 1 35

Kitsis et al. [30] 550 MBq 99mTc-HDP 2–4 weeks 3 1 0 18

Akdemir et al. [2] Three-phase 740 MBq 99mTc-MDP 2 weeks 8 0 0 24

Breederveld and Tuinebreijer [6] Three-phase 99mTc-MDP 1–7 days 7 2 2 18

Groves et al. [23] 400 MBq 99mTc-MDP NR 6 4 0 41

Beeres et al. [4] 500 MBq 99mTc-HDP 3–5 days 20 8 0 72

MRI

Thorpe et al. [48] T1, T2, STIR 3–4 weeks 4 1 0 54

Breitenseher et al. [7] T1, T2, STIR, 1.0 T 0–7 days 14 0 0 28

Hunter et al. [27] T1, T2, STIR, 1.5 T 0–7 days 10 1 0 19

Fowler et al. [19] T1, T2, STIR, 1.0 T 10–35 days 6 0 0 37

Kitsis et al. [30] T1, T2, 0.5 T 2–4 weeks 3 0 0 19

Bretlau et al. [9] T1, STIR 2–10 days 7 0 0 38

Gäbler et al. [21] T1, T2, STIR, 1.0 T 0–7 days 28 0 0 93

Kumar et al. [32] T1, STIR, 1.5 T Within 1 day 6 0 0 16

Memarsadeghi et al. [34] T1, T2, STIR, 1.0 T 1–6 days 11 0 0 18

Beeres et al. [4] T1, T2, 1.5 T Within 24 hours 16 0 4 80

CT

Breederveld and Tuinebreijer [6] Spiral, 1-mm slices 0–4 days 9 0 0 20

Groves et al. [23] 16 detector, 0.5-mm slices NR 6 0 0 45

Memarsadeghi et al. [34] Multidetector, 0.5-mm slices 1–6 days 8 0 3 18

Cruickshank et al. [14] 1-mm slices 0–3 days 7 0 0 40

You et al. [55] Multidetector, 1.0-mm slices NR 7 0 0 28

Ty et al. [51] 1.2-mm slices NR 4 0 0 16

Ultrasound

Hauger et al. [25] 12-MHz transducer 0–7 days 5 1 0 48

Senall et al. [44] 10-MHz transducer 0–16 days 7 1 2 8

MDP = methylene diphosphonate; DP = diphosphonate; HDP = hydroxymethylene diphosphonate; STIR = short tau inversion recovery;

T1 = T1-weighted; T2 = T2-weighted; NR = not reported; TP = number of true positives; FP = number of false positives; FN = number of

false negatives; TN = number of true negatives.

Table 4. Diagnostic accuracy of ultrasound for diagnosing suspected scaphoid fracture

Study Sensitivity (95% CI) Specificity (95% CI) ln DOR (95% CI)

Hauger et al. [25] 1.00 (0.48–1.00) 0.98 (0.89–1.00) 5.87 (2.55–9.19)

Senall et al. [44] 0.78 (0.40–0.97) 0.89 (0.52–1.00) 3.33 (0.73–5.94)

CI = confidence interval; ln DOR = natural logarithm of the diagnostic odds ratio.
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caused by heterogeneity rather than chance [26]. An I2

value of 0 indicates no heterogeneity and greater than 50%

suggests substantial heterogeneity. To explore sources of

heterogeneity, we performed univariable meta-regression

analysis if the included studies were no fewer than 10. The

following covariates were tested: sample size (B 50

patients versus [ 50 patients), prevalence of scaphoid

fracture (B 15% versus[ 15%), period between injury and

index tests (B 10 versus[ 10 days), and study quality (high

versus low). We considered a study high quality when it

scored positive on at least four of the following items:

prospective design with consecutive recruitment, appro-

priate reference standard, avoidance of partial verification,

avoidance of differential verification, and interpretation of

reference test without knowledge of index test results. Any

covariate showing an association with sensitivity, specific-

ity, or DOR (p \ 0.1) was selected, and subgroups of

studies identified by such covariates underwent separate

meta-analysis. We also performed sensitivity analysis by

excluding the outlier studies when there was substantial

heterogeneity. Outlier studies were detected by means of

Galbraith plots [22].

The analyses were performed using Stata1/SE9.0

(StataCorp LP, College Station, TX) and Meta-DiSc,

Version 1.4 (Hospital Universitario Ramo0n y Cajal,

Madrid, Spain).

Results

Bone scintigraphy, MRI, and CT all had high pooled sen-

sitivities, specificities, and ln DORs (Figs. 2, 3, 4; Table 6).

We found no differences in sensitivity among the three

tests. The specificity of bone scintigraphy was worse than

that of MRI (p \ 0.001) and CT (p = 0.001). No differ-

ence (p = 0.94) in specificity was found between MRI and

CT. The DOR of MRI was greater (p = 0.009) than that of

bone scintigraphy. We found no differences in DOR

between MRI and CT (p = 0.63) and between CT and

bone scintigraphy (p = 0.12). There was no heterogeneity

Table 5. Methodologic quality assessment according to the QUADAS criteria in Table 1

Study 1 2 3 4 5 6 7 8 9 10 11 12 13

Rolfe et al. [43] � + � ? � + + � � � � + +

Nielsen et al. [39] + � + + + + + � + ? + + +

Stordahl et al. [47] � � + + + + + + � � + + +

Wilson et al. [54] + + � + + + + + ? ? + + +

Brismar [10] ? � � + + + + � ? ? � + +

Tiel-van Buul et al. [50] + + + + + + + � + + + + +

Waizenegger et al. [52] + � + � � + + � + � ? + +

Murphy et al. [37] + + � + + + � � + + + + +

Thorpe et al. [48] + � + + + + � � + ? ? � +

Breitenseher et al. [7] + + + + + + + + + + + + +

Hunter et al. [27] + + � � � + + � + � + � �
Fowler et al. [19] + � � + � � + + + � + + +

Kitsis et al. [30] + + + + + + � � + ? + + +

Bretlau et al. [9] + + + + + + + + + + + � +

Gäbler et al. [21] + + + + + + � � + + + + +

Hauger et al. [25] + + � + + + + � + ? + + +

Akdemir et al. [2] + � + + + + + � + ? + + +

Breederveld and Tuinebreijer [6] + + + + � + � � + � + + +

Senall et al. [44] + + + + + + � + + ? + + +

Groves et al. [23] + � � + � � + � � � + + +

Kumar et al. [32] + + � � � + + + + � + + +

Memarsadeghi et al. [34] + + + + + + + + + + + + +

Cruickshank et al. [14] + + � + + + � � + + + � +

You et al. [55] � � � + � � + � + � ? + +

Beeres et al. [4] + + � + � � + + + � + + +

Ty et al. [51] + + + + + + + � + ? + � �

All criteria were scored yes (+), no (�), or unclear (?).
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Fig. 2 The pooled sensitivity for bone scintigraphy was 97% (95%

CI, 93%–99%) for bone scintigraphy, 96% (95% CI, 91%–99%) for

MRI, and 93% (95% CI, 83%–98%) for CT.

Fig. 3 The pooled specificity for bone scintigraphy was 89% (95%

CI, 83%–94%) for bone scintigraphy, 99% (95% CI, 96%–100%) for

MRI, and 99% (95% CI, 96%–100%) for CT.
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in sensitivity and DOR for all modalities and in specificity

for MRI and CT. Heterogeneity was significant for speci-

ficity with bone scintigraphy (Table 7). Univariate meta-

regression analysis showed the period between injury and

index test was associated (p = 0.08) with variation in

specificity of bone scintigraphy. Longer period was asso-

ciated with higher specificity and lower heterogeneity: 91%

(95% confidence interval [CI], 87%–95%; heterogeneity,

I2 = 64%) for more than 10 days and 82% (95% CI, 65%–

95%; heterogeneity, I2 = 92%) for 10 days or less. We

found none of the other variables, such as sample size,

prevalence, or study quality, were a source of variability.

Four outlier studies [2, 10, 39, 47] were identified on the

Galbraith plot (Fig. 5). After exclusion of the four studies,

the pooled sensitivity, specificity, and ln DOR were,

respectively, 96% (95% CI, 91%–99%; heterogeneity, I2 =

0), 88% (95% CI, 85%–91%; heterogeneity, I2 = 12%),

and 4.58 (95% CI, 3.73–5.44; heterogeneity, I2 = 0),

which were similar to the pooled estimates with inclusion

of the outliers. In examining the four outliers, we could not

identify the potential reasons for the outlier results.

The SROC model showed all modalities had an area

under the curve close to 1, a Q* index close to 1, and the

parameter b not different from 0, indicating high diagnostic

performance and no evidence of a threshold effect for any

modality (Table 8). Comparative SROC analysis showed

MRI had higher diagnostic performance than bone scin-

tigraphy (relative DOR = 4.85; 95% CI, 1.42–16.52; p =

0.01) and similar diagnostic performance to CT (relative

DOR = 1.41; 95% CI, 0.04–4.96; p = 0.56); a difference

between CT and bone scintigraphy was not found (relative

DOR = 3.61; 95% CI, 0.76–17.07; p = 0.10) (Fig. 6).

The positive and negative likelihood ratios derived from

the pooled sensitivities and specificities were 8.82 and 0.03

for bone scintigraphy, 96 and 0.04 for MRI, and 93 and

0.07 for CT. For each modality, we calculated the posttest

probability according to the pretest probability and the

derived likelihood ratios (Fig. 7). With a pretest probability

of 18%, which was the mean prevalence of true fracture

derived from 1165 patients in 21 included studies in which

patients with suspected scaphoid fracture were consecu-

tively and/or prospectively recruited, negative results from

bone scintigraphy, MRI, and CT would reduce the posttest

probability to 0.7%, 0.9%, and 1.5%, respectively. Positive

findings from MRI or CT would increase the posttest

probability to 95%; however, positive findings from bone

scintigraphy would increase the posttest probability to only

66%.

Fig. 4 The pooled ln DOR was 4.78 (95% CI, 4.02–5.54) for bone

scintigraphy, 6.60 (95% CI, 5.43–7.76) for MRI, and 6.11 (95% CI,

4.56–7.66) for CT.

Table 6. Pooled estimates of sensitivity, specificity, and ln DOR

Imaging modalities Number of studies Number of patients Sensitivity (95% CI) Specificity (95% CI) ln DOR (95% CI)

Bone scintigraphy 15 1102 97% (93%–99%) 89% (83%–94%) 4.78 (4.02–5.54)

MRI 10 513 96% (91%–99%) 99% (96%–100%) 6.60 (5.43–7.76)

CT 6 211 93% (83%–98%) 99% (96%–100%) 6.11 (4.56–7.66)

CI = confidence interval; ln DOR = natural logarithm of the diagnostic odds ratio.
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Discussion

Early diagnosis and treatment for scaphoid fractures are

critical to improving outcomes [3]; however, early diag-

nosis sometimes can be difficult to establish because some

fractures are radiographically occult in the acute phase

after injury [46]. There is marked inconsistency in imaging

protocols for suspected scaphoid fractures among investi-

gators and hospitals [13, 18, 24, 41, 42, 49]. We performed

this systematic review and meta-analysis to produce and

compare summary estimates of sensitivity, specificity, and

DOR of bone scintigraphy, MRI, and CT for diagnosing

suspected scaphoid fractures; estimate and compare the

overall diagnostic performance of the three modalities

using the SROC curve approach; and calculate the proba-

bility of scaphoid fractures associated with positive or

negative imaging results using Bayes’ theorem.

This study has several limitations. First, we included

only studies published as a full report in English. We

identified three potentially eligible nonEnglish studies [8,

31, 33], two of which [8, 31] involved potential overlap of

patient population with an included study [7]. Second, we

did not test for publication bias, which hampers most meta-

analyses of diagnostic tests [45]. Routine testing for pub-

lication bias may not be an especially useful paradigm in

the context of systematic reviews of diagnostic tests [5]. If

diagnostic test data are subject to the same sort of bias as

clinical trials, then one might expect publication bias

would lead to an overestimate of diagnostic performance in

Table 7. Test for heterogeneity

Modality Sensitivity Specificity Diagnostic odds ratio

Q p I2 Q p I2 Q p I2

Bone scintigraphy 9.01 0.83 0 91.83 \ 0.0001 85% 8.13 0.88 0

MRI 8.54 0.48 0 4.87 0.85 0 2.89 0.97 0

CT 5.48 0.36 9% 0.22 1.00 0 1.73 0.89 0
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Fig. 5 A Galbraith plot for specificity of studies describing bone

scintigraphy identified four outlier studies.

Table 8. Results of the summary receiver operating characteristic curve model

Modality Parameter Area under the curve

(standard error)

Q* point

(standard error)
a b p

Bone scintigraphy 5.00 �0.11 0.66 0.9676 (0.0095) 0.916 (0.0149)

MRI 5.65 �0.03 0.95 0.9923 (0.0038) 0.9644 (0.0102)

CT 7.69 0.86 0.27 0.9886 (0.0073) 0.955 (0.017)
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Fig. 6 The SROC curve for MRI was closest to the left upper corner,

followed by CT and bone scintigraphy, indicating MRI had the

highest overall diagnostic performance, then CT and bone

scintigraphy.

Volume 468, Number 3, March 2010 Suspected Scaphoid Fractures 731

123



meta-analysis [17]. Third, most included studies had a

variable level of methodologic limitations. One major

limitation is the lack of an ideal reference standard for

diagnosing a true scaphoid fracture. The most commonly

used standard is the absence of radiographic evidence of a

scaphoid fracture on scaphoid-specific radiographs

obtained a minimum of 6 weeks after injury, but we

believe this is somewhat unsatisfying [21]. The other two

major limitations were interpreting the reference test with

knowledge of the test result and reporting no details of the

reference test. However, it is not entirely clear how indi-

vidual aspects of quality may affect estimates of diagnostic

accuracy and to what magnitude [12]. Finally, the com-

parisons of the three imaging techniques presented here

were indirect, which are prone to confounding.

Our meta-analysis showed MRI and CT had high sen-

sitivities and specificities; bone scintigraphy was

comparable to them in sensitivity but had lower specificity.

It has been recognized increased 99mTc-methylene

diphosphonate (MDP) uptake is sensitive to metabolic

change; however, it is not specific regarding the underlying

causes, such as fracture, bone bruise, soft tissue injury, and

inflammation at adjacent joints [23]. Our analysis also

showed the heterogeneity in specificity for bone scintig-

raphy among studies was substantial and the period

between injury and the test was associated with the varia-

tion: longer period was associated with higher specificity

and reduced heterogeneity. The reason for this finding is

unclear. It might be, during the delay in testing, some

injuries increasing 99mTc-MDP uptake, except for fracture,

might have been alleviated. Although the sensitivity for CT

has been questioned [3], our analysis did not show a dif-

ference in sensitivity between CT and MRI or bone

scintigraphy. However, there was imprecision around the

estimate of sensitivity for CT (wide CI), indicating the

need for more data. Two short-cut systematic reviews in

this area have been published [18, 42]. One reported the

average sensitivity and specificity were, respectively, 96%

and 89% for bone scintigraphy; 98% and 99% for MRI;

and 94% and 96% for CT, which were similar to our results

[42]. The review included more studies than for the same

modality in our review; however, it did not report the

search strategy and inclusion criteria or list the publica-

tions. The other review was restricted to comparison

between MRI and bone scintigraphy and only included four

comparative diagnostic cohort studies [18], of which one

was not included in our review because of invalid reference

test. Both reviews preferred MRI; however, neither per-

formed statistical pooling, comparison, and assessment of

heterogeneity.

The SROC analysis showed the three modalities all have

high overall diagnostic performance. MRI is superior to

bone scintigraphy, but CT is not superior to MRI or bone

scintigraphy. The major advantage of SROC analysis is

that it can assess the threshold effect and compare the

performance of tests at different tradeoff points [36].
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Fig. 7A–C (A) In patients with low pretest probability, positive

results with bone scintigraphy cannot accurately confirm fracture, but

negative results can accurately exclude fracture. (B) In patients with

low pretest probability, positive results with MRI can reliably confirm

fracture; negative results can accurately exclude fracture. (C) In

patients with low pretest probability, positive results with CT can

reliably confirm fracture; negative results can accurately exclude

fracture.

732 Yin et al. Clinical Orthopaedics and Related Research1

123



However, the following issues should be considered when

interpreting our findings. The continuity correction with

adding 0.5 to each cell in the 2 9 2 table containing one or

more 0 values was performed in 13 of 15 data sets on bone

scintigraphy and all data sets on MRI and CT, so down-

ward bias would be introduced to the estimated SROC

curves. These results were derived from small samples,

especially results for CT, which were derived from 211

patients in six studies. It has been recognized in the diag-

nostic study literature that small studies tend to

overestimate the effect size [45]. Small samples also mean

low power in detecting the threshold effect and the dif-

ference between imaging modalities. Although we found

no threshold effect for each modality, we still included the

variable S in the model when the modalities were com-

pared with each other, which yielded conservative results.

The positive likelihood ratios of MRI and CT are greater

than 90, but that of bone scintigraphy was less than 10. All

three modalities have negative likelihood ratios less than

0.1. The likelihood ratios indicate the extent of change in

the odds of disease after a test result. As a general rule,

positive likelihood ratios greater than 10 and negative

likelihood ratios less than 0.1 are considered to provide

strong evidence to rule in or rule out diagnoses, respec-

tively, in most circumstances [15]. Our findings allow for

calculation of the posttest probability of scaphoid fracture,

provided the pretest probability has been estimated before

the test. With a pretest probability of 18%, negative results

from bone scintigraphy, MRI, and CT are enough to

exclude a scaphoid fracture. Positive findings from MRI or

CT provide strong evidence for the presence of a scaphoid

fracture; however, positive findings from bone scintigraphy

are insufficient to confirm fracture. The prevalence of true

scaphoid fracture we presented was greater than that used

by some investigators to calculate the posttest probability

[1, 42], but similar to the result of a recent epidemiologic

study [29], in which the prevalence of true scaphoid frac-

ture in patients with suspected scaphoid fracture was 16%.

The prevalence of abnormality in a study sample rarely can

be generalized beyond the study except when the study is

based on a suitable random sample [15]. Although our data

were derived from 1165 patients in 21 studies in which

patients with suspected scaphoid fractures were recruited

consecutively and/or prospectively, it should be cautiously

generalized.

Based on the current evidence, MRI is highly accurate

for confirming and excluding the diagnosis of scaphoid

fractures and might be used as the first choice in a patient

with suspected scaphoid fracture. Bone scintigraphy is

inappropriate for confirming scaphoid fractures. More

studies are needed to assess the diagnostic performance of

CT, especially paired design studies or randomized con-

trolled trials to compare CT with MRI or bone scintigraphy.
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